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= (57) Abstract: A polyethylene glycol-modified erythropoietin (PEG-modified EPO) obtained by chemically modifying the lysine 
residue at the 52-position of natural erythropoietin (natural EPO) with polyethylene glycol. To enhance the long-lasting drug effect 
of EPO without damaging the physiological activity of EPO which is a sugar chain-rich glycoprotein, it has been required to de- 

=|| velop a PEG-modified EPO having an extremely high long-lasting drug effect by introducing PEG into a controlled binding site at 

ass a controlled number of binding molecules. The above-described PEG-modified EPO shows a high long-lasting drug effect, thereby 

^= solving these problems. 

= (57) 

55«axUXP#x^> (^lEPO) 0)5 2ffi©U5;>»££, Jl?Ulf 

< x^> (pegwepo) *«fc*tf«^>A^T*ax«a 

® ttEP0©PBf8**S3:n'O>fc#. dOPEGl 
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m m m 

*%Wte. $\)z.3-\,ytf\)n-)V (PEG) T'fc^feffihrcJi&mii hxy 

i>j7Dto> (rhEPO) fcFEGOEfommfcZBLfoZttZCtfcj: 
<0%t>M, 5 2&©U v^S^PEG^IS^-trfc^y PEGlfiiliJXo 

x >j x □ x >®!^J (c m t % . 

xU*n#x^> (EPO) «, ± 3 *u &jftLffii*©ffiiB«[|j&ic 

ft, EPOH *firFlMl^tt*lcJ;5, »*»Bft«^t UT4«*n*ftJft 
X. t h E P O £ bT«$ ftT£> t) , WPigfC^K E P OMQi&T \Z £3 fftt 

EPO (rhEPO) £fc*-f3*k dft£>E P 0*«jEfeTS75 7& 

©1X«2£U:£M&, £fcU XttlXtt2£t±®75yK*#JlDbfcEPO 
&»£^tffc©£-r&. 

EPoeffiftd *Jlli»©irBfrT*§»tt#j4i«©*jiiijtK:c&«)5SS'&* n 

©*t«tUT^rct*«T**. d©tttt#jfii3*ffl-&icj:oT«*sn*^a 

3fc#tC« 1 S3 0 2 ~ 3 B©iK«Tft*tlC «fc 0 E POmtiil^Mt 



s 
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^ peg) (cio«$nfc^>/t^sx«n^>n^«^$nT 

V>S (fclAtf, #§^7 - 1 9 6 9 2 5*|&«). £ ©$i£{C<fcntf, 7jc^ftSi^ 

10 ©liSlC^lT, l^©^>A e ^K^^bT6~3 4i©PEG 

2 0 0 0- 1 2 0 0 0) **y^U>^*-a-T^S. HOi'Jfc^PEG* 
$it^> P E Ggtt* >A£KXtt8* >/1? TttP EG©liMi, ^£f@ 

$$w-r 5 c <t turn i> < * n-u p e g»^ > n znxim? >n 

Ct&mMr&Zo bfctfiT, £©#£££?T#6ft5PEG^#|i^>/\'? 

T?#A3fts&tt#u ■?-©&, is^fi:fi«©*!iiittfflSiT*st*ij»f$n*. 

25 ^oyi-f^-(i-i» *^t>©£&5. 

* >/**»lC#JO bX> U T-*^#*ir. AS d 

nT^S (#S¥9 - 5 0 4 2 9 9^&«). C©#tt#U V-|MI|i|£tt&gt>£ 
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nfcH»8*tt£^T**«. £ S K:Si^«F««&**w-r# U T-^tfliE POOH 

p e Go^^i^t < tzniz&ftbxf >v#-&mm*B®& 

Jt* L < fl±T*&afc«tttf#tt<bLT, P E G ©#?«©*!*};:#;# u 
TSHStttjStt©j*(j|ia*^#&n5 ( Polyethylene glycol- 
conjugated pharmaceutical proteins; PSTT Vol.1. No. 8. 1998, 
10 352-356) <t#*.£>ttWfc. #|*J;£, G— CSFSi-x-I^OPEG^M 
#^£1*fcPEG©tt3¥±©#?*#;fcJ;*-l 0kDa*660*k 
DatiHT. <f>£#©»tt#PEG0£^«fcfc«LT±#f S (PCT/ 
USOO/01264, WO 00/44785) £ £>ft 
ft*©EPO©PEGfc0tt£#Ttt# : p*#5 kDai^OttWfi^ 

tTE P OfcfcHTtt, *MWtjfilCiBlt>nTVJ&V^-fe^-|S^CW^-r*H 6 

fc. 3:fc, t&ifc©*n< 1 0 kD a£t±©PEG*75yX*S^tt»^fcfiFfi|iL 
20 fcf!l^fcPEG©|*©IWtP©ra«T, £&fcK&flfc£B*&Til£a»BHT*^ 
fc. 

25 «6TS5Vi^^tt^^-r§ p e G^tdiE pcKDmrnmsnx^z. 

-KWtcPEGc^ji^t^e, «^jfLK4i»irtt^#&n. -t©«*, 
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Gtttmm (m&z) EPooPEG^cmbT^ z.<D-i&m*mTte%. 

t H 5 t> <D T tt& < >$> 3 -£©«5 H O^fiO P E G tiffitoX $> 3 £ t If. 

#389!#*fcju ^ttx^x^^M-*«stwr-5#'Jx5 1 V'>^'Jn-;U (PE 
G) ^§3$ft> «*fcf, ;* h**>PEG — tfi? 5 ^MI§iiIXf^$ 
&&;Lt hEPOICEfo2iiZ>£ttZ&r), P EGi$£ PO£S8jibfc. CI© 
10 PEGiiiEPOH rhEPOlMfc0lA^3^f©giiPEG^ 
£LfcM#r^£>&£. ^y-/h + yPEG-EPO (mono-mPEG- 
EPO) tt, r hEPO©±ilT5 2&©U v>BS©7 5 /Sfctti^P E 
G#*g-&LT£9, rhEPOl^fcD. l^OPEGmbll/^. 

fttc»u<iftM-r*^ *?\ %m\z, *58w©peg4Ji»epo 

15 (i^»«t(|iEPO(Ctb^LT^{Ci«^^«$^1-ilt^lt^bfc. 
ftTtfiSTo F-MSfc«fcS3HP*Slj£©tefc:. 4#ftte*»tSP E G«E«fE P 

20 ^-A-ibTlSttc^fieteife. -toll*, *<^#*K:, 

tcWra«EPO©PEG^W^{i^»^©^S*U 0 OkDa^, 
0 kDa©PEG*fflHT^«rLfePEG||fi(S^a!EPO{c:*^T«, 

<^#*#£/6>e>« MEPOW^PEGHtl^HTil tfU 
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fct. IC. i)-f!5kDa, lOkDa, 15kDa, 20kDaW3 
0 kDa©g|PEG l$HP*9c*«fflEP0 1 IdlfrSbfc^y -;* h*->P 
EG-EPO (mo n o -mPEG-EPO) . »fl5kDa> lOkDa, 
15kDa. 20kDaW3 0 kD a©jt$PEG 2W^SEPO 1# 
5 Tt^lfcv-^ h + ->P EG-EPO (di-mPEG-EPO) Sfetffc* 
5^*1 OkDa, 2 0kDaS^4 0kDaO2^iPEGlW^i 
EPOl^fc^bJtty-MS^ h + ^PEG-EPO (mono-mP 
EG2-EPO) ZZtl^timMlsfc. &<DmimWVftb<T&'<TKZ&5 

t> jineaaioPEGtfUfEPooHite-ett, jyn+fflrstticrwn*, 

10 h + i'PEG-EPOCJfc^, y-^h^'>PEG (di-mPEG-EP 
O) tt;-^l^h + ->PEG-EPO (mo n o-mPEG2-EPO) 
J&««n-O>&0fc*tbT, -f XflC^MMMTlity-^ h + i/PEG 
-EPO©^ffnTy»Sdt*lB6^K:bT. «EPOH^bTil/j:P 

15 [M<Dffi£&fftaj1] 

Site, #569§;£i£TPEG&ttbfcEPO (^y-mP EG-EPO) Rtf 
>>-mT? EG-EPO, ^lUPBPOfOSDS-PAGE^UclT^^ 

H212. #2gBJ©^/-mPEG-EPO£X>K7*Dx7-- t?L y s -CT 
^bbfc^, ^^^PTh^^7^-lCckOT>yt: 0 >^bfc^avh/^->T 

20 

03tt, ^©ty-mPEG-EPO^ttf, PEGiHEPOOEPO 
H4tt. *^0J©^y-mPEG-EPO^tr> P E Gg#E P 0«4fc«fc 

25 H5&, ^^©^y-mPEG-EPO^lr, P E GfcfifcE P 0&4IC «fc 
3 ^ □ t* >{&<Dmk &t*? 7* 7 7 T & £ . 
0 6te, #589§©t>'-mPEG-EPO&tf*/-#tt£!roP EG-EPO 
P E G«E P O^CJ;§*iW«t©^b^-r^77T^ 
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0 7tt, ^^y-mPEG-EPOStfty-MSmPEG-EPO 
*^tT.PEG#F»EP0lg#k:«J:S'\ ; E^nlf>«|©^b^-r^7 7T»-5. 
H8tt» «0^/- m PEG-EPO (PEG (1) -EPO) OAt^ 

H9tt. ^OtZ-mPEG-EPO (PEG (l) -EPO) #Ie1$# 

iEPo 5Bwa«a4fc©jtte«*-r^77T*5. 

BlOlt ^lOty-mPEGl OK- EPO. tZ-mPEGl 5K- 
EPO, ^/-mPEG 2 0K-EPO£^tK P E Gf^tftiE P 0©E P Ofoft 

HI ltt, *»»Oty-mPBGSK-EPO. ^E7-mPEG20K-E 
POv ty-mPEGSOK-EPOm. P E G^tfPE P 0©E P Ofe#14 

H12H. ^0t;-mPEG5K-EPO, ty-mPEG 1 OK — E 
15 PO, ty-mPEG 1 5K-EPO, ty-mPEG2 OK — EPO , =E 
;-mPEG30K-EPOm, P E G«E»E P 0&41C 

B13H ^Oty-mPEGSK-EPO, *7 -mP EG 1 0 K-E 
PO< t/-raPEG15K-EPO, =E; -mP E G 2 0 K- E P O , =E 
20 7-mPEG3 OK-EPO^tT, P E G$ffiE P 0$4£<£ 5 a.^ /f P £ > 
M©^fb^^1-7*7 7Ta&^). 

Bl4tt, *38l!<!) : 6;-mPBG5K-EPO, ty-mPEGl OK-E 
PO, t/-raPEG15K-EPO, ^7— mPEG2 OK— EPO . =E 
y-mPEG30K-EPOm, P EG£ttE P08-£lC«k**ffi8#sfciliL 
25 »ft(!)AUCSSt^77T?»5. 

[ft9i©$tt©£iB] 

#38§li©PEGgttEPO£E&&{bT5l8K:KL &±©<MS#6, WAtf. 
^iEPO©iibT5 2&©'J ^>a£©75 7glCP EGjWKt&LT^S 
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ty-/h + yPEG-EPO (mo n o-mPEG-EPO) ©SgiffM^ 

flUtf, iZ-^h^yPEG-EPO (raono- 
mPEG-EPO) ZUl&frtV. 2 biz. i>- ^ h + ->PEG-EPO (d i 

-mp e g - e p o) mh*<Dtkj$,Ki&m\z.mm®t Lxxgzm&MmvQMt 

*^Bjfci;0PEG^tiii$n^)EPo«, i^mxx^mtm^mm^m^t 
bxmmznz>mm?i\i fepo©^, zQEPozmtitzj^ymo ix« 

10 ^MPJ^c&^t, PEG^flHC&fflSnSPEGIfiifttUTfcL 

h + y{b$nTl/^j:t^«^t^yH5yMiiteix^fJKbLfcPE 
G. 5 yJV • T^D tt>ix^f MLfcP EGXtW 

y 5 yJV • itlXfM bfcP E G (^tl^'tl, SPA-PEGXttS 

15 BA-PEG) #&fflT#3„ £*ie>PEGS!2i#:&. fcfo<Dtcib\zmmkLfc 

5e«EP o^jfii^Burafla©EP oi/t^-tc^b, 

20 ^SEPOd ^©ffi^A^e»E«fq<i:it^T 

25 *^BJT«, ±$©ck3&#&ft&#TK&3^MEP0k:£^T\ EPO 
^T«^^1!IE P OtC^S^ir^^^tt^^i.fc^tC. 0ffiT5 PEG©g 

7 
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g©75 7 S#P EGT'ifil^tlfcPE GtM&E P OllPIiC-Stlt 
£©»£©PEGfc»EPOilfilEfc»£bTMU 5 2t©'Jy>Si075;l 

^peg $ * y p e G^tfp Epom b, fli©&m© 7 s y mb» 

& 1 ^f©PE G«$nfc€7 P E G«E P ORtf/XS^iEPO© 
75/M*©'5^2^X^±^PEGM^nfePEG^KiiEPO^^-r5 

10 PEG^EPOiiaj&#iT!&3o u©i)iEl3^l^$n§PEG|»EPOH 
*?3:b<teu EP01^tC^bl^b3^, ££>££?£L<ttEP0 1#^ 
fC*fb 1 #^©P E GT'&mtlfcP E GME P 0T^5„ 

C©PEG»EPOMJ&W<DiiI/&£LT&> 5 2ft©'J v>8l»©7$/ 
S^PEGT^KHSnfc^y PEG^tfpEPO<!:, fii}©M©7$ J BfcgyStf* 1 

15 ^fOPEGTfiftSnfci; PEG«|iEPOS[//XttMEPO©75 

y $??ss© p 2 asata* p e G&m £ p e gme p o Qi&mnfi&s. 

lltlffl ^tlSPEG ©$HP*tt. # P E GflE P O sns 
2£$*5M836*©g0t E P OiStt©ftT©g&«£K:<fc c 

20 5**. PEG l^TO^fite. 5~40kDa, £?£L<fcL 10-30 
kDa, ^WJU<tt2 0-3 0 kDat^D, mCti^MT* frtummP 
E G^ttPEGtC^T^ffbK P E G&»E PO©*£jg&(N;:;&ttS ji 
^©ft^ScbUTte. 0iJ^^iSfl|2(C|B«t©##k:^^-S>^>M^7A^ 
□ Th^77^-(CcfcS^4iJ^-ei 0 0- 9 0 0 kDa, $?£L<te, 15 

25 0~6 5 0 kDa, $^>(C$f^U<fl4 0 0 — 6 5 OkDatS?). 

tfflncftffl * p e Gvft^m-m * u < «iaaiB7?*s*<, p e G<&m 

EPO©^#^©^*^Bf)K!i©$5a<i:^§J;9^PEGT'$>tl«'. 
^Wtfc|ffl»IifW, PEGf!ltf|i^n§7 5y»SttHua!<hWe 

8 
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PEG«E»EPO©ttS*ftB, PEG/x*7«h7>2ffl#B3. ffrW&V 

M£ D T h 7 J 7 7 W -f-f D7 h V? 7 W -fe £>W£> US, 
5 *38m?*»SttSPEG&ttEPO©4SJStt, *»»«tt#ICO^T, TIB 
©&81fcPV>T*^©35&ffiEPO, h + yPEG-EPOR^y 

-^ttPEG-EPOS^«>T^t:^;i/tOH;fett»*fT^, #3§BJ©PEG^ 
»EP Oa*##Ett©55&gE P OKJt^T-f > e#Tg$fc<fcOT©ftSaH4k:£ 
HTVtlTte&Ctifimatlit. HtC, ^tdi{Cffl^7titl»PEG©^M^2 
10 0~3 0 kD aTa«PEG£»EPO£#©ja#tt©$HP*#4 0 0-650 
kDa (^MflU&cktf 9#H) TcfeD, £fc 5 2ft© U v>^S©7S smtfi 
PEGM^ftfc^/-^ h + v'PEG-EPOli, <i > e#"CS©TflinfelSI 

HlC^ffllCjfi^St^y h*«fflUfc*UE«f^^aEPO, #M©PEG{i 

is &e p om&mftm®®$mzm%*&ffi^®ME p o&<ktf p e g#^e p 

ocjfolg+OTftSr&Wbfcic:^ enroll (3, ^mcm^tc 

P E G©#M*±tf*HF«#£< P E G&»e P 0±WV>MMWft=?-mtf*: 

PEG»EPOfc£3EPO«tim (BaF/EpoRli) £ 
20 #f S-f >fcThnJf«Jgtt£iBJ}£Lfc£C5, #38§I!©P EG£»E POtt*fc 
E P O (Cit^T-f y tf h P**»tt©<KT**«** ftfc fc©©, 

IPS, PEGIMUCAO l^-fey^-t©|S^«att{cjK» 

#¥5l£tl£. #»9i©PEGfc«iEPO© + T , & : E/-.* h*~>PEG-EP 

25 owu *&©PEGtf»EPOk:Jfc«bTW&dik:fljnjgtt$SUfc (HM#I4# 

88) o 

p e g&»e p o®m&mn&®®$&\z#ft%®ftfafonmLTS'\ : £>f □ tr> 
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EPOT11 ^X'hm\zm^tcP E G©^fi^ 1 0~3 0 kDat'PEGl 
t$E P 0£WO)% i miO)ftl-mtf 150~6 5 0 kDaT$(3, 5 2 ft© U 
5 v>^g©75/S#PEG^flp£nfcty-^ h*vPEG-EPOte, « 

^fSBJKcfcSPEG^tAiEPO, 0£b<tety-^ h*->PEG-EPO£ 
io 2 £ 3 [e]$;4£jl 1 il 1 IHS4^ 1 0 BfcS 2 illSgHIHKi'rs d <h#pJ 

*^bj(cj;§pegmepo«, 
20 (^jamm, mfc®tt£<D®-$m , &iz.&vm%^®$ 

^>«tt#P E G J; 0 £^b£*l3 £ <h. iDctOCp e G^gdiX U 7s D#X 

10 
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5 (raono-mPEG-EPORM i -mPEG-EPO£>H®!) 

r hEPOM (pH8.0« 1 0 OmM'J >HiS) iCPEGO^fi^ 
®2 OkDa© me thoxyPEG-SPA(f^^H5yJ^D W>| 
X^rM (Shearwater Pol yme r sftM) (£HF, mPEG- 
SPAtl/^) £#Q;L> ^STK3 OftmmWLtc. 1 0 0raM^'J'»« 

^iDbfemPEG-S PA©r hEPOtC^T^t^Jt^^l^^U/co & 
SJ&i&KO^TC e n tr i con-50 (Mi 1 1 ipor etti!) TiglSL 
OO. jg$£pH7 .4, 2 0mMU>iI®i-15 0mM NaClCtH 

15 bfc„ 

£1 PEGHiEPO©MffJ 





1 


2 


3 


Sift 


4 


EPOjUfS (mg/mL 


2.94 


1.75 


2.81 


2. 


4 


) 


5 










EPO*§f&Jl. (mL 


0.50 


2.31 


2.50 


2. 


0 


) 


4 










mPEG-SPA j^j&Dt^Ht 


3.97 


5.00 


5.08 


5. 


0 


(EPO l^l/^fcO) 


3 











^tTSupe rdex 2 0 0 HR 10/30 (Pharraac ia Bi 
o t e c httS!) fc«fc*yjV*iaft'T?**SU raono-mPEG-E POi^ 
<hd i -mPEG-EPOli^^^n-e'niHIiRbfe, KJfc21s/U*Ttt, mono 
-mPEG-EPOIi#£d i -mP EG-E P OlftiHcSfca*?), W**«8-& 
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LT®lti2ntcmfr£%mK:®Ulsn&S\i p e r d e x 2 0 0 HR 10/ 
3 OtTttibTmon o-mPEG-EP OWftb d i — mP E G - E P OH 

mono-mPEG-EPO£3.8mg, d i-PEG-EPO*1.6mg@ 
5 JRL/fc. @iRLfcmono-raPEG-EPO£c*d i -mPEG-EPO^ 
tl^tlUmo . 2 2-?-f^Dm0M i lex7-fM- (Mi I 1 iporett 
S3) tT*S»#HcMbTd i -mPEG-EPOS 1 . 6mg, mono-m 
PEG- EPOS: 3 . 8mg#fe. Hft&eDtttt ($0.7 5mg/mL, V)U<D 
mm^<DBMUnm&lW7UL) ©SDS-PAGEM&Pas tGe 
10 1 Gradient 4-15 (Pharmacia B i o t e c htS) 
CTffK Phas tGe I Blue R (Pharmacia Biote 
chtti?) izxm^iyfc (EU#H, 04>©EPOttr hEPO©S)). 

r hEPOScXPEG0KPEPO0^fiffiM^2 7 9 nm©«g£ 
SiJtU *mi&M\Z&^Tter hEPO lmg/mLilWS2 7 9 nm£ 
15 0.9 3 (^b#x-^^7^f3«M) tUT^mbfco fcfc, 

m(Dmmmr>fo2 8 inm}c*tt^«s§i. 3 liit^teifc. 

[M0II2] PEGMEPO©5HPfi$j£ (1) 
(l^ii P E G WE POC^fll© 
rhEPO 0.49mg/raL (pH8.0 1 0 0 mM 'J >ti'#i) 9 6 
20 07^ ^PL(CPEG©^*^^2 0 k D a © mPEG-SPA 5.32 
mg (mPEG-SPA/r hEPO=10.2 (mol/mol)) -Sin*., £ 
MTK ll$ratt*#IC»#Lfc. 1M G 1 yrg^l 0 0 T-O P L £jjrj;Lfc|£, 
PBS 5 0 0T-f^PL$:JD^TTO, Centricon-50T3 9 0? 
-f^PL*T«*bfc. 2*3ISLfcS u p e r o s e 6 HR 1 

25 0/30 ( 1 . 0 x 3 0 cm, <y K*M*2 4mL, Pharmacia Bi 
o t e c httfi) CSsiBLT. PBSKlT8aj£-&T, d i -S^raono-m 
P E G - E P 0®ft£*n?nft& Lfc. 
#£>ftfcd i -Rtfraono-mPEG-EPOB^^tl^nc e n t r i 
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con-50TMi 1 I i -Q7lclC!lIlil99liLfciToF-MSHT, 
Matrix CS i nap i n i c acid 4 . 0 5 mg/4 0 5 v-f % P 
L 5 0% MeCN^fflK i^ff/Ma t r i 5?-f ?DL/57-f 
i'DLtlTB S AlCTC a 1 i b r a t i o n LTft^m&Wlfelsfc. 

i(3 0-3 57-f^DL)$PBS 20 OT^^DLTifJb, 2#®*£Lfc 
Superose6 HR 1 0/3 0 (1.0 x 3 0 cm, K^^St 2 4 m 
L- Pharmacia Biotec h#§?) fc^inbT, P B S lCT2££t}£ 
■&T, *jll©r hEPO, d i -S^mon o-mPEG-EPO^tl^riGD 
10 feftmmzmfebtco Wiiiiffl^MC al ibration kit (Am 
ersham Pharmacia Biotechtti) ^^OThyrog 
1 o b u I in: MW 669000, Aldolase: 158000, Chy 
motrips inogen A: 25000, ©F erritin:4400 
0 0, Ovalbumin: 4300 0Ol^^>y~ H^^lSb, m& 

is &T\z7)vmm*fiotc 0 &mm&<D®tiimffifrt>m&m*fcf$,i;, rhEPo. 

d i -Mmono-mPEG-EPO©^i^Wc 0 
(j}fe!P E GMiE P OOiSt^iig) 

rhEPO 2.27rag/mL (pH8.0 10 0raM'J>IW) 5 0 
0 T-f p L \Z P E G©^^*^ 40kDa (20kDaX2) ©branc 

20 h e d mP E G 2 — NHS 5.32mg (branched mP E G 2 - 
NHS/r hEPO=2 . 9 9 (mo 1 /mo 1)) £#P;L, ^iSTk: 3 O^S 
^CWLfc, 1M G 1 yi&ffc (pH8 . 0 2 0mM Tris-HCl) 
5 OT-r^DLSriPAAc^, M£^STK:3 O^jtftbfc. C e n t r i c o 
n-50«^pH8.0 2 0mM T r i s • HC KM* 

25 7 5 0T-f^DLl:iiUfc. HMResourse Q IraL (Phar 

macia Biotec htt®!) £ffl^fc-f h ^7 7^ -fCT 

igffii&A (pH8 . 0, 2 0mM T r i s • HC 1 ) K*fLT&fcBfi£B (p 

H8.0, 20 mM Tris-HCl, 0.5M NaCl) O0X#550X 

13 
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#yVx>h-em2tircttfcMJ?EG&mEPO&'£tsWftZft'&L, C e n 
t r i con-5 0-C3 7 57^^DLJ-eiibfc o dfttCPBS 2 5^ 
£aL£iD*., 2*Jt*gbfcS u p e r o s e 6 HR 10/30 (l.Ox 
3 0 cm, Kftf|2 4mL, Pharmacia Biotec hfrM) fc 

5 8s3J0bT, PBSKTBttiS-frT, d i -mPEG2-EPO (dl-^ftgm 
PEG-EPO) £cktf t r i -mPE G 2 - E P O ( t r i -MSraPEG 
-EPO) H#fc&tffcmono-mPEG2-EPO (mono-^ImP 
EG-EPO) H#£#flfcU&. nt>tltc2mtt$:tn^nc e n tricon 
-50 TM i 1 1 i -Q*tZ®mm&Loom®LtcW:ToF-MS\ZT, Ma 

10 t r i x I: S i n a p i n i c acid 4.0 5rag/4 0 5T-f ^7 □ L 
5 0% MeCNSfflK WJ&ttft/Ma tr i x^5^^DL/5?-f 
LibTBSACTCa 1 ibrati o n UTiHf 

-%-v?)i>&m# D7b^7^ -&fc&z#=?mmfe®fctr>, tof-ms 

Mfefc&lsfcUnmmZPBS 2 0 0?^^DL (d i-, tri-) »5H 

15 ttl 5 0-e-f^DL (mono-) TfRflU 2TOLfcSu p e r o s e 6 

HR 1 0/3 0 (1.0x 3 0 cm, Hftt2 4mL. Pharmac i 

a BiotechthM) «iflUT, P B S fCT^£ti£-frT, *M©rhE 

PO, d i -Stfmo n o -mP E G- E P 0*tt^n©^aiM£8i)£Lfc, 

yjI/*iaffl^»C a 1 i b r a t i on kit (Amersham Pha 

20 rmacia Biotech £(DT hyroglobu! in: MW 

669000, Aldolase: 158000, Chymotripsino 

gen A: 2 5 0 0 0, ©Ferr i t in : 44 0 0 0 0, Ovalbum 

i n : 4 3 0 0 0 ©*g£X* KttttfcMU |S|&frTfc:yjua>S* D7 

h^7 7^~£rr?fc. **ipiffi©»tHWfM^e»MI*$^L, mono-m 

25 PEG2-EPO (mono-MmPEG-EPO) <D#^fi£:££fco 

r hEPO, d i -&tfmo n o -m P E G - E P O&tfmo n o-mPEG 

2-EPO, mono-mmPEG-EPO) <D# : ?&&&2 (*4>©EP 

OlirhEPO. Linear Branched teft&m(DM) tc* 
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^2 PEGiUffliEPO©^! 











ISfl^ffl (Da) 








ToF-MS 








(Da) 








EPO 


29000° 


28400 


70000 


Liner 


mono-mPEG-EPO 


50000 


49800 


402000 


PEG 


di-mPEG-EPO 


71000 


71300 


914000 


Branched 


mono-mPEG 2 -EPO 


71000 


71200 


823000 


PEG 


di-mPEG 2 -EPO 


113000 


113000 


(2080000) 2> 



l) B£tfcE^6#Suppl. 2(5,8 ) 1990 p. 24 EPOCH©^^* 
C^JtM3] PEG*g£«5&©E£ 

«0fJlT$!jgbfcPEG^fl|iEPO (mono-mPEG-EPO) 

mon o-mPEG-EPO (@2TttPEG (1) -EPOt^sB) 
^gflir hEPO (H2Ttt i n t a c t EPOtgfB) C^T, x>F7d 
f7- Lys-CCiSSflji, RP/C 1 8#7A£<fc3^y K5 1 H7y 
tf>^(peptide m a p p i n g) £fr ^fc. 

PEG©^fl^2 OkDa© m o n o -mP E G- E P O 
(7 8 67^^o g /mL) MrhEPO (Irag/mL) £®fflbfc 0 
a) ffitfthif^s^MK (RCMft), Lys-Ciftfb 

ftt«3 0 0mM'J>tW (pH8.0) / 6 M^7iy >M/ 6 
mM EDTA^ftffi. &«E P O 5 0 T-f £ □ gtBlfcftb 5 ffifSftCSgtt* 
ttSriSiin. DTT£1 . 1 e (Cy s ©5 Ofgft) ijpA. ^it 
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-Ufe»-il7ct>fc. ^7 3- mm* 3. 15^i7Dmole (DTT0D2 . 
lfg*) «> SiS • P£ffiT4 5#£&£i*#;i/#*->*5^WbLfc&, 5 0m 
M Tris - HC1 (pH8.5) \Zft LTM fc. Ly s -C£lT 
-f ^Dg (SK:^^it=5 0 : 1) miMbX3 7°CT-&*f!HbU 1 0%TF 
5 A^l/10l» ¥>?$:ftitco 
b) ^^F7>yH>^ 

*7ABVydac C18 (218TP52, 2.1mm x 2 5 0mm), 
LCteSMART sys tem (Pharmac i att») £<£fflo ffimtl 
0O^i?DL/^ &ffite2 2 0, 2 8 0nm„ ^t^7yl>hWC!) 
io ilDT&S. 

• A : 0.1% T F A 
•B:90% MeCN/0.1% T F A 
5%B/15#» 5 - 1 0 0 %B/8 5#> 100%B/10^ 
mnfcZ □ T hA°^->£0 2 fc^T« 
15 mo n o-mPEG-EPO (0 2TliPEG (1) -EPOi^SB) <h» 
tfcr hEPO (02Tttintac t EPOt^fB) ^itMf^t, L4^H 
M&U L3 (02©L 3&L 6 #'BJ ^fci^l, 

#>£>L 3 tL40t@©Ly s 5 2 #P E G»$tlT^§ 
£>ft£o £fcL 5d:L4(D^{Cirfc:^tf-i7^ai3iL,T^D, dn^PEG^tfti 
20 ^^Ht^A^nSo £fcL4fc%-£\Z\mikLT^t£^Zttt>?fr\ZL 1 
fim'PVT^Z>Z.tfrt>, L10N*S (Alal) #P E Gi§JnTM^ 
fife^fttSi^^btlS. ^D7h/^-^^, ^0 7O~8O%)5SL 
y s 5 2TPEG^ffS^nfc : fe©t#Ae,nSo 
[«#J4] PEG^amPO©EPOft#ffiM£#T3 

25 (i) 

EP0ft#l$fc:*£$iT3B aF/Ep oR» (Blood. 9 0 > 1867 

1997, PNAS, 9_3> 9 4 7 1 - . 1996) 2%FC SttR 

PM I T'4®ft®nt&fcftffiZmQMLTm&l;tc'&K:i 0%FCSt*RP 

16 
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MIfcTI x 1 0 6 Mm/l 0 mL \Ztl 5 9 Mc 1 ft 

^fcD5 07-f^DLf9»Uc. -15, milim\Z-O^T:\t, 10%FCS 

-raPEG-EPO, d i -raPEG-EPO, mono-MlmPEG-E 

5 pcHD^timz^n^timMLT. ift^tzv 5 ^dl©e^ n=3 

37*0. 5%CO z J0STT2 4m$%mbtc. 1 ft^fc 0 1 0 T-Y £ 

PL©Cell Count Reagent SF (^7<f7^ttl) 
mabT4 5 0nmt6 2 0 nm©&^-e®^£$J£ L,T 0 Pn1©a!l£{ii£ b 

10 tco $e>{C^^T6B#f B 1SlgL/T4 5 0nmi6 2 0 n m<D&STMS£$i]£ 
LfcSg|l£^7jbLfc (03#!$, @tOmonolimono-raPEG-E 
PO, d ifid i-mPEG-EPO, branchedttmono-Mni 
PEG-EPO, EpottrhEPOOf). # btlfc*S3IKo^T\ ffiS-£fS 
14(CO^TiSm4^e,nS3^&it^lHl'jiL, ED 5 (Hit 9 5 %{f fgE|g|& 

15 SAS£ffl^T:$#K ^3 (it©branched-mPEG-EPOH m 
ono-MimPEG-EP05»5) fci^&fco 

i£3 EPO©fe#ttMtc^T5±i5t^tt 

ED5 0 (ng/mL) 95%{g^E^ 

0.12 0.10-0.14 1.0 

0.94 0.73-1.2 0.13 

15 13-18 0.0079 

3.0 2.4-3.8 0.040 



rhEPO 

mono-mPEG-EPO 
di-mPEG-EPO 
branched mPEG- 
EPO 



25 

[^M^!l5] mono-mPEG-EPO, d i -mP E G-E P O&tf 
r h E PO©»ift0i^ 

bT, i&t&ffl 1 T§3j£f bfcmo n o-mPEG-EPO (7 8 67 
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^Pg/mL : r hEPO lfr? KmPEG &tfd i -mPEG 

-EPO (640^^Dg/mL : r h E P O 1 ^ffcmP E G 2 

zm^tco z.nt>\t\»?fth r hEP0©7 = ;Sfcit»ftixfJHmP 

EG (MI52 0kDa) SIS^TS C «k 0 P E Gg»U y^ftiB^ □ 

&«M<hbTfc£, 0.0 5%7yhMft7)V7=i>, 0.0 5% Twee 
n2 0 PEGi»EPOXttrhEPO&l 2 . 5 V-f £ □ 

*©W«ttS4*0BfcfT?&. #&S6«rai, Sic: SD**tt7yf (B* 
10 I7Uk>-^t) £7»»fcT**K:#l/fc. Mf^0C»S 

*«*»S«Ri;fc«:*«k31*4E1*^4»K:«l»3#W-fc. 
'tt^l/gm rhEPOgm raono-mPEG-EPOjSt^fRtf 

d i -mPEG-EPO$4:$©4P£fS£b, 1^4P5ibfc 0 $4«2mL 

/kgiDti (^ig2 5?<i/Dg/kg) T*@«»Krtfi!#Ufc. 
15 &43UB, $#&2, 4, 7, 10, 14, 17, 2 1, 25, 29, 32, 

3 5, 3 9 Bl:»Tt77h^it#fb, JS»«fca*M£jflU ft 

ysmex f-800, MBEfflM^tt^tta) TiBSjfeUfc. 

Pi r hEP0$4i£, mono-mPEG-EPOfi4»Rtfd i -raPEG 
-EPOl8#SNDWtt©££©#SHt*y>*-;/ h (Dunne tt) cD^Mtb 

$)£©&&(*, 04 (*Mt^«i(©^fb), 15 (At^Df>t) 
25 Ac ig«ii^©^^r B ^C^^T«, £4Klg»Lfc. 
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*4 FEG$mEPo\z&z>mshm%:<D^nMm 



5 



mono-mPEG-EPO 



rhEPO 



di-mPEG-EPO 



1 (Day 4) 
22 (Day 4-25) 
18 (Day 4-21) 



8 : ^WMKt©liit!) (p<o.os). 

tdiitipUfCo *<D'&. r h E P 0^fTttS4i4 B TlMtlb, 

7 S(C«^t:^;i/S«ctDM(C*Ti£Tbfeo ^ft£ttbT> mono-m 

PEG-EPOg4HTM4il OBIT, d i -mPEG-EPO^gt* 

B^«^t^^4^<he«[^@g©jifC^T^Tbfc 0 ^tlfcMUT, mon 
o-mPEG-EPO^T'ttMl 4 B IC, d i -mPEG-EPO^ 
f*T*&$«l 0 Btft^tttcab, mono-mPEG-E POMTO 
4^2 5 B£T\ d i -mPEG-EPO^WM2 1 B£T^t?;U 

bfcMte. r hEPOfi#STiiM4B(01 BP^Te&?fc©(C;ttbT, m 
ono-mPEG-EP0^4i|Ttt^4^4~2 5 B©2 2 BIB), d i -mP 
EG-EPO«##Ttt«-*&4~2 1 001 8BIHlT?*ofc (*4). 
[HM^J6] mo n o-mPEG-EPO, mon o-^lmPEG-EPO 
RrX r h E P 0®&tt£tttt®A& 

^S*H4 0 kD a© (methoxyPEG20000) 2 Ma»& (mPEG) 
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ZCtlZ&VftMLtcmo n o-MiPEG-EPO (b r -mPEG-EP 
O : ft&mPEGifilft?m&) tSttX^r;P*WT<5^ : f-**&2 0 kDa© 
mPEG^i»ft (mPEG-^xW5-^ • t!t>il7f^t r h E 
5 PO©7Sy*t&E«^-&*di:fc«fc?)^i!Ufeia»IS!mon o-PEG-E 
PO (raono-mPEG-BPO:tgiPEG*nM^) £7yh£5 

«k o \z i 9 5 m??mfrn l tc 0 

10 ttftftjgtt, ®5®B> «#&2. 4, 7, 1 0, 1 4, 2 1, 2 8, 3 5 B 

15 B7Stf«5T*SSftT^br-mPEG-EPOIlmono-»ttamP 
EG-EPO^t. 



^5 PEG&MEvo(D%iJ*m£mtiLfem%}%:<Dmm& 



20 







«%ffln (bibj). >^t^;i/ a 


mono-mPEG-EPO; 


5 Ug/kg 


13 (day 2-14) 


mono-mPEG-EPO; 


1 #g/kg 


8 (day 7-14) 


br-mPEG-EPO; 5 


tfg/kg 


11 (day 4-14) 


br-mPEG-EPO; 1 


g/kg 


_ b 



■ : ^ttfrttmmtoGMgGQ (p<o.05). 
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mono-mPEG-EPO 5T^Og/k g&^m&mbAttifettz? 
TfcO. mono-MImPEG-EPO 57<^Dg/kg^gt ( m 
ono-mPEG-EPO 1 T< * □ g/k g$4S¥#|Wlif§^ mono-^ 
fiiraPEG-EPO ife/h^attftoTH 

mono-mPEG-EP O&^mRtfm o n o - #ftg|m P E G - E P 0$-^ 
m#\Z, 57^Dg/kgg^«|2~7 B©6 BP^, lT-I^Dg 
/ k g&#S|l?teg:#& 2 ~ 4 B © 3 B m~Z& o tc (M 6 ) . 
^t^D t: mon o-mPEG-EPO 5 v-f ^ a g/k g$4S¥ 

io t&#&7 b u ^t^ji/«^fc^uT**^iiiiD^je)e.nfc 

JTOi, fi4i2~140©l 3BTO^L-raono-^|mPEG-E 
PO 57^^Dg/kgg#tmono-raPEG-EPO l?^f^Dg' 

io^'ig* 6 ntcnmtt, ^-ti^n. #-%-&4~i 4boi i Bf^t^#^7~i 

15 4 008Bf|-e$oL cmtC^UT, mon o -#feg!mP E G- E P O 1 
•7-f^Dg/kg $#if Hf^l %m DT^ t ^ £ ©Wlc&Mtelg© £> 
ftfcj&^fc. (0 7, a 5). 

r hEPOR^PEQiM>EPO©l63afc:*»tSffl*tt#ttRat 
PEGllEPOOlMtt 
20 ^Jfcfll ITSiLfe mon o-mPEG-EPO©2 57^^Dg/kgK 
T©ffl*fcfcttS3l&&«B?-S f0«raono-mPEG-E 
PO©m#MWllIig#t J^|(|iEPO©MM^^#<h*tbt!l5^1--5. 
(PEGfcftEPO©2ll3»fc;&tt5fflj»tt#tt) 

mono-mPEG-EPO£25T^cig/kg, 5T<^Dg/kg, 
25 lT-T^ag/kg, 0 . 27-fi7Dg/k g©fflST8il«©tttt7y h (& 

mono-mPEG-EPOJ2 5?-f^Dg/kg 1 5 T^f £ □ g/k g, 
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17^^Dg/kg. 0 .27-f^Qg/kg©ffiiT77 b\zm&mfii&®% 
4bfeNf©A^^Ptf>M©^bSr0 8 (Itmono-mPEG-EPO^P 
EG (1) -EPOcb^fB) K^bfo $-£&2 8 BST'CiiTtt, mono 

5 kgWi57^f ^Dg/kggWgfflllt^^, lT^Dg 
/k g&#$, 0 . 2 7< ^og/kg^^T^^atcWbTA^^Dt' 

(mon o-mPEG-EPOSMrtmiHl^4<h r hEPOIi»5 0W1 

10 mo n o-mPEG-E POmM^m^t r h E P OIM^ 5 0 |R|£ 
m&5-t<DM$Mik%il;tco ^^m9 (m^mo n o -mPEG-EPO£P 
EG (1) -EPOi^fB) iZmbfc. mon o-mPEG-EPO 5Y^^7 
Dg/kgW^tEPO lV-f^Pg/kg 5B^^S4(Eg4S 
tLT57^^Dg/kgi)5:5) t£&®?5>t. mono-mPEG-EP 

15 O 5T-r^Dg/kg#[eI^4^©WAt^pH>{g(Dg^i^<. ?JJj| 
feiOllbL mo n o-mPEG-EPO 1 T< ^ □ g/k g#!sl 

S^iEPO 0.2-?-f^Dg/kg5BF4iIS# «ItlT17^ 

^og/kgift§) t£jttkb m^no^yuvymtrnt 

nW.(D^\t^htc a Z\<DZ\tfr^, mono-raPEG-EPOBrhEPO 

20 iz\k^x®^mmz$^%zttm<*mntc 0 

PEGMEPOO^M (2) 

(mPEG5K-EPO ©IB®!) 

EPO 2.27 mg/mL (pH 8.0 100 mM'J >M$jjfc) 1.3 mL£mPEG5K-SPA 3.38 

mg (PEG/EPO = 4.09 (moymol))fCiQ;iTM;*-t4\ MWT\ZS0^mU^izm 

25 #U7c 0 1 MGly7kMl30 T-f ^7 DL^ilD^fcm, gK:gr&TK307>P B m# b 

TRfS^fflh^-frfec, iin(CPBS 550 T-r^DL$Jn^T#IRb, Centricon-50 

T325 7^^DLtTi8IILfc. £bfCPBSl50 ^-i $ nLZlNZ.tc'ik, 2#®l§ 

bfcSuperdex 200 HR 10/30 tC J; § y;l/«ifiJ*T&8! U mono-mPEG5K-EPO, 
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di-mPEG5K-EPO* <£ tf* ft £ © U% to £ £ fc ^ t5 1 # b ft fc M ft £ b X 3 
B#*#l»bfc. ^ft^ft£Centricon-50Tii*gbfc&> |WU£©&#TlCFigy 
JPttiBlCifc U -€-ft-?ft^ e>mono-mPEG5K-EPO*J:^di-mPEG5K-EP01l^ 
B£U mono-mPEG5K-EP0 210 T-f 7 Dg£ck di-mPEG5K-EP0 
5 218 T< £Dg£#fc. SDS-PAGEfciOS^^ttii^attft©^*®^ 
fcBBbfc. ' 

(mPEGlOK-EPO.mPEGlSK-EPO.mPEGSOK-EPO.br-mPEGlOK-EPO, 

br-mPEG20K-EPO©IH^) 
OTK¥IB £J&&# (®~<D) ©8Btt*6fc*£©fc. 
10 EPO (pH8.0 100 mMU >SW) (»&®, £ftft@) £mPEG-SPA 
*S^ttbr-mPEG-NHS (^ttS!) (8**®) (PEG/EPO it ® 
(m 0 ymol)){ClJPx.T^$it, SfflTfc30^ffia^*K:fll^bfe. SfclCifcbfc 
EPOM©1/10»©1 M Gly*i8tt£jbl]*.fc&, HfcMTfc30#Wi*#bTg 
£&#jfc3-frjfc. Centricon-50£ffl^TM£pH 8.0 20 mM Tris fcWfeU 
15 RESOURCE Q 1 mL Hfc'f *>£&2 D7 h ^7 7 W -fcT£iS« 2 t |q 
^©^ffi^B©0^e»100%^7vX>hT^m$tlfcPEGi^«iiEPO*<fc^EPO 
£^frffl#£*-ft€ft#l[b, Centricon-50£ffl^TPBSf;:Mfi&bfc. 

ifctt, mPEG5K-EPO ow»K:Bb&*#£B*icy;i>BiiK:#i/fc. fib, 

mPEGl5K-EPO, mPEG30K-EPO, * J;^br-mPEG20K-EPO©PiMt^^T« 
20 #^A£2:fcj^bfcSuperose6HRlO/30(1.0cm<f> X 30cm)(Pharmacia biotech 
a»)fcf^ATfrofc. ^ft^ftmPEG£jH*br-mPEGJ&U & 5^2#^EP0 
KS*A£nfc£mt>ft£#B*#JR, iliStbfc. gfcSPEGSSASCmPEG- 
EPOs*i£ & fcHH# ttff ft ft ttl b fc y Jl/ft j§ K & b . mono-mPEG-EPOi5 £ 
di-mPEG-EPO b 7c . 

K*4©iR*tt* 7 ©il 0 ? fc. 
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$6 PEG&!IEPO0>5JE3H* 





EPO jUg 


EPO femm 


□PEG-SPA or 


PEG/BPOJt 








mPEG-NHS 




mPBG-SPA or 


(P (ngM) 


© (mL) 


® (mg) 


© 


br-mPEG-NHS 








(mol/mol) 


itliSlOkDa 


1.75 


1.0 


2. 91 


3. 12 


it®g>l5kDa 


1. 75 


1.0 


4. 43 


2. 97 


il^S30kDa 


1.82 


1. 1 


10.95 


3. 16 


ft&m (br)lOkDa 


2. 43 


0.7 


5. 07 


4. 93 


#&S(br)20kDa 


2. 43 


0.7 


9. 67 


4. 93 



* 7 PEG&fifcEPOODifti: 



15 







EPO) 


Type of PEG 


mono-PBGylated 


di-PEGylated 


mPEGioK- 


257 


146 


mPEGiSK- 


277 


135 


roPBG30K- 


300 


167 


br-mPEGiOK- 


247 


138 


br-mPEG20K- 


265 


150 



[mmW9] PEG^#f>EPO©#^S$'J£ (2) 

}£$£Centricon-50£?iJffit/TQ?M;:fi&, MLfco Mt&M 2 |3«©^#<J:|p| 
20 $KMALDI-ToF-MS©$l££fi^fc. ToF-MS$J£K:#l:Lfcfifc)|BrM£ 

pbst^ u mfaM2tam<D$iWtmmzy)\;MT&znte-3tc, mmM8<D 

mPEG lOK-tmPEGlSK-^IWI^^Tfcy^^jg^ yhZ □ T 7 7 ^ - 
(GPC) fCttUT^©^tJHB#PBl^*^fc„ 

fib, mPEG30K-EPO£^TteM$£2 5}U -;££ToF-MS$j;£> fill* 

„ §GPC(C#tLfco br-mPEG10K-EPOs*ctl>*br-mPEG20K-EPOsfc:r3^T 
25 

ttGPCT femm**ftfcmft*m^Q*\z'mmw&L tmaldi-t 0 f-ms$j£ 



24 
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^8 PEG^UiEPOeD^^a 



5 



Molecular weight (Da) 




Sflmnlp 




TnP 
i or-Mo 


urt 


rcu 


brO 


29000'* 


28400 


70000 




mono-mrcu5uOO-brU 


34100 


33800 


114000 




di-mPEG5000-EPO 


39200 


38900 


161000 


Linear PEG 


mono-mPEG20000-EPO 


50000 


49800 


402000 




di-mPEG20000-EPO 


71000 


71300 


914000 




monr>mPEG30000-EPO 


60500 


59900 


606000 




di-mPEG30000-EPO 


92000 


93000 


(1620000V 0 




mono-br-mPEGl 0000-EPO 


39600 


39600 


161000 




di-br-mPEGiOOOO-EPO 


50200 


50300 


267000 


Branched 


mono-br-mPEG2000f>EPO 


50000 


49700 


316000 


PEG 


di-br-mPEG2000r>EPO 


71000 


71500 


649000 




mono-br-mPEG40000-EPO 


71000 


71200 


823000 




di-br-mPEG40000-EPO 


113000 


113000 


(2080000) 2 > 




1) ttKKgfiSSappl. t it>H) 1990 


p. 24 bPOCHCDfflfft^* «fc#4Wrfls> ~ 




2) &RMEB$jElA*®T#«tt 









10 

<08<J£ (2) 

E P Ott#«fci*$rf £ BaF/EpoRM (Blood, 9_0 , 18 6 7 
1997, PNAS, 9 3 , 9 4 7 1 - . 1996) 1%FCSMR 

15 PMIT2@?|»» < i:3tiCf^li**t)iiLTifc#Lfcftk:i 0%FCS^fRP 
MIKT1 x 1 0 5 fcBJ&/2 OmLC/^i^MU 9 6A7V- h fC lft 
ifeO 5 0 V^DL^^DUfc. aj&ttttfc-pVJTtt. 10%FCS 

ttRPMI $f«ffl^TEPOStfmono~raPEG-EPO©WJ 
£^tl^ftPffi|UT, lft^fcO 5 0?-f^DLOT^n=3^5*D^) 

20 B aF/Ep 0RlM»lfc9 6 7\7>- KMinbT^U 3 7*C, 5% 
C0 2 iflITT2 4PtF«Lfc. SftK, lAMjfcO 1 0 I 
1 Count Reagent SF (W7^ffX^tl) 5iilT4 5 
0 nmi6 2 0 nm©«[*T!R^ft*ajSUTORp|HJ©»lJEtttLfc. ZblzM 
fiT5WilT4 5 0 nrat6 2 OnmOtftTlM^fflH^ilJ^ 

25 yyitbfc (mi 0fc<fctfl 1#J&, l^monottmono-mPEG-E 
PCX Epo«rhEPO©t) t ftStlfcHaic^T, ffll-WCO^T 
fc&ffi5 0%£&tf2£££k:itto!li§U ED 5 &9£«fctfl0 

25 
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^9 

ED50(ng/mL) vs EPOjX) 

EPO 0.134 100.0 

mono-mPEG 10000 0.255 52.5 

mono-mPEG 15000 0.240 55.6 

5 mono-mPEG20000 0.557 24.0 



*10 

ED50 (ng/mL) 

mono-mPEG5000 0.158 
mono-mPEG30000 0.348 
mono-mPEG20000 0.374 
10 EPO 0.072 



[£Mmi 1] #M^T»©mono-mPEG-EPO©»^ttoaiJ^ 

®5-m®l£tLXte, 0. 0 5%yy h jfa^J^yS >, 0.0 5% Twee 
n 2 0 &^tr^gA^7K(CPEG^EPOX«r h E P 0£ 2. 5 T< ^ □ g 

OilfiMHtclTofc. Sic: SD^m^yyh (B*x 

XIJ^>-ttS#t) £7~8jliUCTliifcK&bfc. $&t«®4S«« 

^t^;M34$, rhEPO^S, mono-raPEG5K-EPOm 
mono-mPEGl OK-EPOS^, mono -raPEGl 5K-EPO 
raono-mPEG20K-EPOg4S. mono— raPEG3 OK 
-EPOg4S®7M^b, lP5E<hLfc,^«2mL/kg©^»(fii: 
Wg57-f^ag/kg) TmiEl^M«4Ufc. 

£4$B, £#&2, 4, 5, 7, 10, 15, 21, 29, 3 5 0(C&SJ&g£ 
TT^'yh^ffitlglC^b, JlMC&W£j|iiJU OMJ-fS Jill 

xmfeLtc. A^DtiXitteV-f $ o •kJUfi'yy 9- (Sy sme x F-8 0 

26 
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mfe<D&%\t. mi 2 (*#jn##«&©^bK 01 3 K^Dtrxg), 

5 014 (M#M&©AUC) M^Lfc. 

UtifcSfrlt * >/t ? Tab 55>^§!! E P O 5 ^ fcfc < . mJi 



20 



25 
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ft ^ <D ffl 

1. ^ikhi | JXD*X5 1 > (^«EPO) ^'Ji9 : l/>^ijn-;|/ 
5 (PEG) Tlb^tHi^nfc^y PEG«S*EPO. 

2. ^iSEP0O5 2&©U ^>»a6**PEGTftS^i*$nfcl»*!HlB' 
iOtyPEGllEPO. 

3. »kM'Jxn#xf> (MEPO) ©&*KJfl^<5#Ux3 L l/ 
>^U=]-;P (PEG) O^fW5~4 0kDaT$^ : tyPEG|tl|iXU7 

10 P^X^> (PEG^fpEPO) T$oT, tyPEGiffliEPOl^W^ 

1^10 0-9 0 0 kD a-eS^»^lX«2 18^(7)^7 PEG^fftiEPO. 

4. BfflBtt*9l. 2X« 313*00^7 PEGfilfliEPO^^-r^ty PE 
G^fHEPO«tl. 

15 5. Mf&gl. 2Xfcm3«©^ PEG«EPO&tf/Xtt^«EPO 
©75 y $?£!*©?-£> 2 £§S&±#P E GM$nfc 1 ^CD^r>it)i* 7 

9 0 0 kDaT'^^PEG^^EPO^XtC^-r^PEG^tJiiEPOa^o 
6. BUfBsl^Sl. 2 Xtt 3 !3iO P E GiiE P O 1^ t UtMt 
20 S^Jt^ftXUTxD^X^^^Jo 

7 . ffsB»«4X« 5 ©H-fn^ t|3«©P E GME P 0«#l^tM 
^ t bT^T^^it^ttx U X P#X^>M. 

8. X®ME?OiZ, PEG©+^^>^5 v;i/XXxJl^Sft££f&£-£-2> 
£tfrt>f&Z>, ffJlBfit^ 4 f3*5© P E G^KPX U X P #X^ >i&J&tl©M# 
25 f£. 
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ME 1 2R 

PEG0tfiEPO(7)4-15% O^VTJV-n SDS-PAGE. 
M:MW (53,76,116,170, 212 (kDa)) 

E:EPO 

1 : mono-mPEG-EPO 

2:di-mPEG-EP0 

R: PEG EPO gjfolnt) 
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